B. Time-correlated single photon counting measurements
Time-resolved fluorescence was acquired using the Time-Correlated Single Photon Counting method (TCSPC). In these measurements, a picosecond diode laser (LDH-P-C-470, Picoquant) and sub-nanosecond LED excitation pulses (EPLED 590, Edinburgh Instruments) emitting at 467 nm and 590 nm, respectively, were used as excitation light sources. The detector was a high speed microchannel plate photomultiplier tube (Hammamatsu R3809U-50) cooled to -20 • C to reduce noise. The pulses were communicated to a hardware controller by a constant fraction discriminator (CFD). A second CFD was used to obtain a timing reference pulse from the light source. The timeamplitude-converter output voltage was sent through a biased amplifier with a variable gain and a variable offset and the amplified signal was fed to the analog-to-digital converter. A multichannel analyzer software (Edinburg Instruments F900) was used to process the signal and convert it to a PC format. Fluorescence lifetime data was fit to polyexponential decay function using the program FFIT provided by professor Nikolai Tkachenko at the Tampere University of Technology (Tampere, Finland). The instrument response functions (IRF) were measured and used to deconvolute the fluorescence decay. Femtosecond transient absorption measurements were performed in Dr. Joseph Perry's lab (Georgia Tech, Atlanta). Spectra were acquired using a commercial transient absorption spectroscopy system (Newport, Helios). This system accepts two input laser beams, one of variable wavelength used as the pump beam and one of a fixed wavelength used to generate the probe beam in a proprietary nonlinear optical crystal. All experiments were performed using the TOPAS output at 532 nm with a pulse width of 100 fs. A small portion (∼5%) of a Ti:Sapphire regenerative amplifier (Newport, Spitfire, 800 nm, 1 kHz, Spectra-physics) provided the probe pulse to generate the white-light continuum (WLC, 420-850 nm, 850-1650 nm). At these specifications, the instrument response function is approximately 200 fs. At each time point, data were averaged for 2 s. The Helios pump beam was chopped at 500 Hz to obtain pumped (signal) and non-pumped (reference) absorption spectra of the sample. A correction factor for chirp in the probe beam was generated using the ultrafast response of CCl 4 , and was applied to all data sets. The data were stored as 3-D wavelength-time-absorbance matrices that were exported for use with the fitting software. The protein solutions had an OD532 of ∼0.5 in 2 mm path-length cuvettes, and were stirred continually throughout the data acquisition. The pump intensity was 575 mW/cm 2 .
D. Transient absorption spectroscopy measurements (µs-to-second time domain)
In the present study, a custom-built kinetic setup based on ANDOR and Basler Vision microarray imaging cameras was used, allowing the broadband TA measurements with 1 µs time resolution after a single pulse excitation. This setup, previously used to study multiheme O 2 -reducing electron-transfer enzymes [1] [2] [3] , is located at the University of Helsinki (Helsinki, Finland) where measurements were performed. A pulsed 150-W xenon arc lamp (Applied Photophysics, Surrey, U.K.) was used as the probe light source. After passing through the sample, the probe light was All measurements were performed at ambient temperature.
The wavelength-time-absorption surfaces of TA changes in the 1 µs -1 min time window following the photolysis were decomposed into a multiexponential decay function using a global fit algorithm:
where ∆A(t, λ) is the optical absorption change at time t (t= 0 at the instance of laser flash) and at wavelength λ, and i (λ) and τ i are the characteristic spectrum and time constant for the i-th exponential decay component, respectively. All data treatment was performed in MATLAB (version 7.8, MathWorks, Natick, MA).
E. Anaerobic/aerobic measurements
Anaerobic samples were prepared using a gas/vacuum line of local design. A 4×10×30 mm fluorescence quartz cell was sealed to a Kimble-Kontes high-vacuum stopcock, which had a vacuum O-ring connection to the vacuum line. As a typical degassing procedure, 20 cycles of exchanging vacuum (10 −6 bar) and pure Ar were followed by shaking the cell filled with Ar for 15 min on an orbital shaker; then the procedure was repeated 2 more times. 99.99% Ar was additionally purified using the Agilent Technologies BOT-2 and IOT oxygen scrubbers. Aerobic samples were bubbled with oxygen for 10 minutes before TA measurements.
II. RESULTS

A. Time-correlated single photon counting measurements
Fig. S1 shows fluorescence decay of RFPs using 467 and 590 nm excitation. The first laser has a 60 ps pulse width, but hits at the blue edge of absorption band of the red chromophore, and at the absorption bands of non-matured or decomposed product (see Fig. S6 ). So, it resulted in dual emission, but the red emission peak (590-620 nm) was still dominating. 590 nm LED has 10 times wider excitation peak, but hits very close to the absorption maxima of KillerRed and mRFP, or The TA spectra of the three RFPs in µs to ms range are shown in Fig. 2 of the main manuscript.
The main spectral features and the respective lifetimes are summarized in Table 1 of the main manuscript. Fig. S3 shows the results of multi-exponential fit of the TA spectra. The last time and still see this photoreduction of this form, too. Most importantly, if one looks at the TA decay for bleached DsRed (Fig. S7 ), little to no rise at 580 nm is seen, which demonstrates that it is mostly the photoproduct that is excited. We note that the lifetime of the transient in bleached
DsRed is significantly longer that of fresh protein.
The power dependence of the transient signal of the RFPs (532 nm excitation) was performed using neutral density filters. Figure S8 shows the TA signal at different flash energies at 16 µs. The power dependence is hyperbolic, which is characteristic of one-photon absorption. The hyperbolic dependence is due to long pulse-width (4 ns) used in our experiments. 
III. COMPUTATIONAL DETAILS
Excitation energies of the anionic chromophore were computed using scaled opposite spin technique applied to perturbative doubles corrected configuration interaction singles, SOS-CIS(D) (Ref. [6] ). Excitation energies of the radical species (neutral radical and dianion-radical) were computed by TDDFT with the B5050LYP functional (equal mixture of 50% HF +8% Slater + 42% Becke for exchange and 19% VWN + 81% LYP for correlation [7] ). Electron attachment and detachment energies were computed with ωB97X-D (Ref. [8, 9] ). The 6-31G(d,p) basis [10] was used for excitation energies calculations. The cc-pVDZ basis [11] was employed for attachment/detachment energies calculations. In addition, extrapolation to the aug-cc-pVTZ values [11] was performed using calculations at selected snapshots, as described below.
A. Protonation state of Glu68 and Glu218
Carboxylates of both of Glu68 and Glu218 were considered to be protonated based on the 
To quantify the effects of the basis set extension (to aug-cc-pVTZ), energy calculations were performed for several snapshots along the MD trajectory (each 200 ps). As follows from the data shown below (Tables S3-S8) , the shifts due to the basis set extension are almost constant for different geometries. Thus, we used the resulting shifts to extrapolate values computed at each 20 ps to the aug-cc-pVTZ basis. The extrapolated trajectories are shown in Fig. 3 and Fig. S12 . 122.5 75.00 CD3-NE1-HE31 120.0 50.00 CD3-NE1-HE32 120.0 50.00 HE31-NE1-HE32 120.0 23.00 C-N(GLU)-NH(GLU) 123.0 34.00 C-N(GLU)-CA(GLU) 120.0 50.00
